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(57)Abstract: fa) 
PROBLEM TO BE SOLVED: To improve the step coverage of a 
diffusion prevention film and to reduce resistance inside the 
diffusion prevention film and the particle of the diffusion prevention 
film, for example, by heat-treating a titanium nitride film in a 
nitrogen atmosphere and having a phase transformation performed 
to the titanium nitride film in three-layer structure in which 
nitrogen content differs from a phase. 

SOLUTION: An insulation film 2 is formed on a semiconductor 
substrate 1 including an active region, and a contact hole is formed 
at a specific site of the upper part of the semiconductor substrate 
1 where the insulation film 2 is formed. Then, a titanium film 3 and 
a titanium nitride film 4 are successively formed with a specific 
thickness at the insulation film 2 containing the contact hole. Then, 
the titanium nitride film 4 is heat-treated in a nitrogen atmosphere 
and is subjected to phase transformation to titanium nitride films 
5-7 in three-layer structure, in which nitrogen content and phase 
differ, and then a metal interconnect 8 for electrically connecting 
the contact hole part is formed. For example, the metal 
interconnect 8 is formed by aluminum or copper, and an arc film 9 
for preventing reflection is formed prior to the pattern formation process. 
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CLAIMS 



[Claim(s)] 

[Claim 1] An active region On the included semi-conductor substrate, an insulator layer The process which 
carries out sequential formation of the titanium film and the titanium nitride by predetermined thickness at 
an insulator layer including the process; above-mentioned contact hole which forms a contact hole in the 
predetermined part of the semi-conductor substrate upper part in which the process; above-mentioned 
insulator layer to form was formed; The above-mentioned titanium nitride is heat-treated in nitrogen-^gas- 
atmosphere mind. The process which carries out phase transition to the titanium nitride of 3 layer 
structures from which a nitrogen content and a phase differ mutually; the metal wiring formation approach 
of the semiconductor device characterized by including the process which forms metal wiring with which 
the above-mentioned contact hole part is made to connect electrically. 

[Claim 2] The above-mentioned titanium film is TiCI4. NH3 The metal wiring formation approach of the 
semiconductor device according to claim 1 characterized by being formed by the chemistry gaseous-phase 
vacuum deposition by the reaction. 

[Claim 3] The above-mentioned titanium nitride is the metal wiring formation approach of the 
semiconductor device according to claim 1 characterized by being formed of the pyrolysis of tetra- 
dimethylamino titanium. 

[Claim 4] The above-mentioned titanium nitride is the metal wiring formation approach of the 
semiconductor device according to claim 1 characterized by being formed of the pyrolysis of tetra- 
diethylamino titanium. 

[Claim 5] The above-mentioned titanium nitride is the metal wiring formation approach of the 
semiconductor device according to claim 3 or 4 characterized by being formed on condition that the 
pressure of 300 thru/or the temperature of 500 degrees C, 5, or 10mTorKs). 

[Claim 6] Heat treatment for the phase transition of the above-mentioned titanium nitride is the metal 
wiring formation approach of the semiconductor device according to claim 1 characterized by 30 thru/or 
carrying out for 60 minutes in 400 thru/or a 600-degree C temperature requirement in nitrogen-gas- 
atmosphere mind. 

[Claim 7] Heat treatment for the phase transition of the above-mentioned titanium nitride is the metal 
wiring formation approach of the semiconductor device according to claim 1 characterized by 10 thru/or 
carrying out for 30 seconds in 700 thru/or a 900-degree C temperature requirement in nitrogen-gas- 
atmosphere mind. 

[Claim 8] The above-mentioned metal wiring is the metal wiring formation approach of the semiconductor 
device according to claim 1 characterized by being formed with aluminum or copper. 
[Claim 9] The metal wiring formation approach of the semiconductor device according to claim 8 
characterized by including the process which forms the arc thin film for preventing reflection by the 
aluminum film or the copper film before the pattern formation process of the aluminum film for the above- 
mentioned metal wiring formation, or a copper film. 

[Claim 10] The above-mentioned arc thin film is the metal wiring formation approach of the semiconductor 
device according to claim 9 characterized by being the titanium film. 

[Claim 1 1] The above-mentioned titanium film is the metal wiring formation approach of the semiconductor 
device according to claim 10 characterized by being formed of the pyrolysis of tetra-dimethylamino 
titanium. 



[Claim 12] The above-mentioned titanium film is the metal wiring formation approach of the semiconductor 
device according to claim 10 characterized by being formed of the pyrolysis of tetra-diethylamino titanium. 
[Claim 13] The temperature requirement of the -above-mentioned pyrolysis is the metal wiring formation 
approach of the semiconductor device according to claim 11 or 12 characterized by being 300 thru/or 450 
degrees C. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
{0001] 

[Field of the Invention] Especially this invention relates to the formation approach of metal wiring 
containing the metal layer for diffusion prevention about the formation approach of a semiconductor 
device. 
[0002] 

[Description of the Prior Art] By the degree of integration of a semiconductor device increasing in recent 
years, the wiring design is performed easily freely and the research on the metal wiring technique which 
can free wiring resistance, current capacity, etc. is active. Generally, the aluminum which has low 
resistance as an ingredient of metal wiring of a semiconductor device is used widely. Since the width of 
face is made detailed when the degree of integration of equipment increases, current density will increase 
such aluminum wiring. The increment in current density will wake up the defect of wiring by migration of an 
electronic transition, scattered reflection, and stress, and this generated the trouble of reducing the 
dependability of a semiconductor device as a result. 

[0003] although the open circuit of metal wiring was able to be prevented by carrying out the laminating of 
copper (Cu) or the titanium (Ti) film on the aluminum wiring film conventionally, and decreasing an 
electronic transition and migration of stress in order to solve the above-mentioned trouble — phenomena, 
such as a hillock (hillock) and a whisker (whisker), — generating — both wiring — problems, such as short 
and insulator layer destruction, occurred. Drawing 2 is a sectional view in the condition of having formed 
metal wiring, after forming the diffusion prevention film, in order to be based on the conventional example 
and to solve troubles, such as a hillock and a whisker, with the metal wiring formation process of a 
semiconductor device. 

[0004] As shown in drawing 2 , this approach forms a contact hole in the predetermined part of an insulator 
layer 2 first, after forming an insulator layer 2 on the semi-conductor substrate 1 . It is etched in the depth 
to which, as for a contact hole, the front face of the lower semi-conductor substrate 1 is exposed in the 
phase which forms a contact hole. And the laminating of the titanium film 3 and the titanium nitride 4 is 
carried out one by one with physical gaseous-phase vacuum deposition (PVDrphysical vapor deposition) as 
diffusion prevention film all over the structure which includes a contact hole in the predetermined part in 
an insulator layer 2. Then, the metal layer 8 is formed in the upper part of the titanium nitride 4. 
[0005] 

[Problem(s) to be Solved by the Invention] However, when current high integration progressed, the 
magnitude of a contact hole will decrease and the level difference of a contact hole will increase relatively 
in proportion to this. Therefore, when step GABAREJI (step coverage) decreased, the diffusion prevention 
film was not able to vapor-deposit to homogeneity at the contact hole lower part, when the laminating of 
the diffusion prevention film is carried out with physical gaseous-phase vacuum deposition as mentioned 
above and metal wiring is formed, but the thickness of a metal layer increased further, the shadow effect 
(shadow effect) increased to a part for the corner of the contact hole upper part, and execution of a 
oonsecutiveness process became impossible. 

[0006] in order [ moreover, ] to improve the step coverage of the diffusion prevention film — chemistry 
gaseous-phase vacuum deposition — using it — TiCI4 NH3 etc. — when making it react, there was a 
trouble that particle (particle) occurred and the yield fall of a component and the dependability of 
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equipment fell into the titanium film and a titanium nitride. Moreover, there was a trouble that resistance 
inside a titanium nitride increased at the time of vacuum evaporationo of the above-mentioned titanium 
nitride, and the electrical conduction speed of equipment fell at it since the phase of a titanium nitride is 
amorphous. Therefore, it is in offering the metal wiring formation approach of the semiconductor device 
which can improve the yield and dependability of a semiconductor device by the purpose of this invention 
raising the step coverage of the diffusion prevention film, and decreasing the resistance inside the diffusion 
prevention film, and the particle of the diffusion prevention film. 
[0007] 

[Means for Solving the Problem] In order to attain the purpose of above-mentioned this invention, the 
approach of this invention carries out sequential formation of the titanium film and the titanium nitride by 
predetermined thickness with chemistry gaseous-phase vacuum deposition all over the insulator layer 
which includes a contact hole after forming a contact hole in the predetermined part on the semi- 
conductor substrate with which the insulator layer was formed first, and it heat-treats the formed titanium 
nitride in nitrogen-gas-atmosphere mind after that, and it is made it to carry out phase transition to the 
titanium nitride of 3 layer structures from which a nitrogen content and a phase differ. Then, metal wiring 
with which a contact hole part is made to connect electrically is formed. This invention can also include 
the process which vapor-deposits an arc thin film, after forming the above-mentioned metal wiring. 
[0008] 

[Embodiment of the Invention] Hereafter, the desirable operation gestalt of this invention is explained with 
reference to an accompanying drawing, (a) of drawing 1 thru/or (d) are the sectional views showing the 
process which forms metal wiring according to the example of this invention. First, as shown in (a) of 
drawing 1 , an insulator layer 2 is vapor-deposited in the upper part of the semi-conductor substrate 1 
including an active region, and a contact hole is formed in the predetermined part of an insulator layer 2 by 
the photolithography method. It is etched and, as for a contact hole, the predetermined part of an insulator 
layer 2 is formed until the front face of the semi-conductor substrate 1 is exposed. 

[0009] Then, as shown in (b) of drawing 1 , the titanium film is vapor-deposited all over above-mentioned 
interior of contact hole, and insulator layer 2. The above-mentioned titanium film 3 is Ticl4. NH3 Or NF3 By 
the reaction, it forms with chemistry gaseous-phase vacuum deposition (CVP), and it is formed sufficiently 
thinly so that the configuration of a contact hole is maintainable. The above-mentioned chemistry 
gaseous-phase vacuum deposition is the vacuum evaporationo approach for raising the step coverage 
inside a contact hole. Then, the titanium nitride 4 is formed in the titanium film 3 above-mentioned upper 
part. Here, the titanium nitride 4 is tetra-dimethylamino titanium (Ti4 (N<CH3) 2)) or tetra-diethylamino 
titanium (the distributed gas for being vapor-deposited by chemistry gaseous-phase vacuum deposition by 
using only Ti (N(C two H5) 4) as a raw material, and forming the titanium nitride 4 is nitrogen and/or 
helium.) in order to suppress particle generating. Moreover, although temperature is made into 300 thru/ or 
500 degrees C and a pressure is adjusted in the range of 5 thru/or 10mTorKs) at the time of vacuum 
evaporationo of the above-mentioned titanium nitride, the membraneous quality formed at this time is an 
amorphous phase. 

[0010] next, the semi-conductor substrate with which the layer of the above conditions was formed the 
inside of nitrogen-gas-atmosphere mind — a temperature requirement (400 thru/or 600 degrees C) 30 
minutes — or it heat-treated for 60 minutes. The above-mentioned titanium nitride 4 is divided into three 
titanium nitrides from which physical properties differ by this heat treatment. That is, as shown in drawing 
1 (c), it is divided into the amorphous 1 st titanium nitride 5, the 2nd titanium nitride 6 of the middle class's 
-crystalline substance, and the 3rd titanium nitride 7 of the abundant crystalline substances of nitrogen 
from a lower layer, moreover, instead of [ of the above-mentioned heat treatment ] — RTP (rapid thermal 
process) — in using law, it makes a temperature requirement into 700 thru/or 900 degrees C, and 10 
thru/or heat treatment between 30 seconds are performed. 

[0011] Although resistance is very high since the single titanium nitride 4 shown in <b) of drawingj is 
amorphous, the single titanium nitride 4 can decrease the internal resistance of a titanium nitride by 
carrying out phase transition to the titanium nitride of three layers from which -each physical properties 
differ by heat treatment on the above conditions. Then, as shown in (c) of d rawing 1 , copper, aluminum, or 
these alloys are vapor-deposited all over the above-mentioned diffusion prevention film {titanium nitride) 
with the usual physical gaseous-phase vacuum deposition, and the metal layer 8 is formed. Then, the arc 
thin film (arc-metal layer) 9 is vapor-deposited on the metal layer 8. The above-mentioned arc thin film 9 
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is vapor-deposited by chemistry gaseous-phase vacuum deposition. This arc thin film 9 carries out the role 
which interrupts the reflected light from a metal circuit pattern, when the photoresist film for metal circuit 
pattern formation is exposed. As a raw material of the arc thin film 9, it is tetra-dimethylamino titanium or 
tetra-diethylamino titanium, and vacuum evaporation© temperature is 300 thru/or 450 degrees C. The 
formation process of the arc thin film 9 can also be skipped by the case. 

[0012] Then, as shown in (d) of drawing 1 , the above-mentioned metal layer (3, 5, 6, 7, 8, 9) is patternized, 
and a metal circuit pattern is formed. Although the metal layer 8 described with the above-mentioned 
operation gestalt was formed with the alloy of copper and aluminum, it is also possible to substitute a 
conductive high metal like DANGU stainless steel. As the above desirable operation gestalt explained to 
the detail, this invention is set at a metal wiring process. As diffusion prevention film, the titanium nitride 
formed on the titanium film is formed using the pyrolysis of the raw material containing titanium and 
nitrogen. By carrying out phase transition to 3 layer structures from which the titanium nitride of this 
monolayer is heat-treated in nitrogen-gas-atmosphere mind, and a property differs, step coverage can be 
raised, the electric resistance of a titanium nitride can be decreased, and particle generation can be 
decreased. 
[0013] 

[Effect of the Invention] This brings about the effectiveness of improving the yield and dependability of 
equipment as a result, and raising a signal transduction rate. Although the drawing was attached and 
explained about the specific implementation gestalt of above-mentioned this invention, correction about 
this and deformation can be carried out by this contractor. Therefore, a claim can be understood to be a 
thing including all corrections and deformation as long as it belongs to the thought and the range of this 
invention. 
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